Abstract: Using high-Q Si 3 N 4 microresonators, we generate the narrowest bandwidth (40 MHz) photon pairs, yet achieved for a chip-based source. Its high intrinsic stability and broad tunability are highly promising for interfacing to quantum memory networks.
Narrowband photon sources are important building blocks for future quantum communication networks based on quantum memories [1] and for cavity quantum-optomechanics [2] . An elegant way to achieve the MHz bandwidths required for these applications is to use cavity-enhanced spontaneous parametric downconversion [3, 4] . Recently, fully chip-integrated implementations of cavity-enhanced pair-production using integrated microresonators have gained increasing interest [5] [6] [7] [8] [9] [10] , as they are bright, highly compact and offer a flexible, robust design with the possibility to fabricate many such sources on a single chip. Another feature of integrated optics, and especially the silicon nitride platform, is its inherent stability and possibility for robust, on-chip temperature tuning.
Here, we utilize photon-pair generation based on cavity-enhanced spontaneous four wave mixing (SFWM) in high-Q Si 3 N 4 microresonators to demonstrate, to our knowledge, the narrowest photon bandwidths (40 MHz) created in any monolithic, chip-based design. We also illustrate the flexibility of this system by precisely tuning and stabilizing the central wavelengths of the photons via control of the temperature of the Si 3 N 4 microring resonators. For our measurements we used 115-μm radius ring-resonators with a 690×1400 nm cross-section, which are evanescently coupled to a bus waveguide of the same cross-section with varying coupling gaps [11] . The resonators have high Q-factors in the regime of several million [11] . The free spectral range (FSR) of the microresonator is around 200 GHz, and the dispersion is sufficiently low to ensure phase matching for efficient pair generation at the resonances at 1548.5 nm for the signal and 1554.9 nm for the idler photons, which are 2 FSRs (around 400 GHz) away from the pump at 1551.7 nm. The CW pump source is a tunable external-cavity diode laser that is amplified with an erbium doped fiber amplifier and passed through a narrow filter suppressing any undesired noise (e.g. from amplified spontaneous emission of the laser or amplifier) by more than 100 dB. It is coupled into and out of the bus waveguide using inverse tapers mode-matched to lensed fibers [12] . The polarization of the input light is controlled with standard fiber-based polarization controllers. We control and tune the temperature of our chip with a Peltier element controlled by a standard PID temperature controller with feedback from a 10 kOhm thermistor, which allows precise tuning of the resonance wavelengths of the pump, signal and idler resonances with a tuning coefficient of 22.0 pm/K [see Fig. 1(b) ]. Thus, a tuning range of only 70K corresponds to a wavelength shift of a full FSR and thereby allows tuning the resonator resonances to any target wavelength. Moreover, stabilizing the resonator temperature with our PID controller together with basic protection of the setup from airflows leads to a stability of < +-0.1pm = 10 MHz over more than an hour [inset Fig. 1(b) ].
For the pair-generation measurements the pump was tuned into the resonance at 1551.7 nm, and the signal and idler channels at 1548.5 and 1554.9 nm are separated and filtered out with standard 100-GHz dense wavelength division multiplexing (DWDM) filters. The photons are then detected with InGaAs-based avalanche photon-diodes, and we achieve a single photon detection efficiency of about 20%. The losses of the filtering and outcoupling from the chip are around 3.5 dB and 3 dB respectively. The arrival times of the photons were measured and analyzed with a time-tagging module with a nominal resolution of 84 ps. The combined jitter of the two single photon detectors was determined by an independent measurement to be approximately 350 ps which has a negligible effect on the measured, much longer temporal width of the cross-correlation (coincidence) peaks (Fig. 2) . It is also important to not only reach the MHz regime but also to exactly match the target bandwidth for the respective application, which cannot be easily achieved in bulk optical cavities. Our system allows for readily changing the coupling strength for evanescently coupled microcavities [4] by using ring resonators on the same chip with three different couplings (Q-factors of 1.1, 1.9 and 4.5 million) between the bus waveguide and the resonator as determined from fitting the linewidths of the resonance transmission with a Lorentzian (see Fig. 2 ). Using pump powers of 1 mW we observe cavity-enhanced generation of correlated photon pairs with our single photon detection and time tagging electronics resulting in the measurements of the cross-correlation (coincidence) peaks shown in Fig. 2 . We fit the cross-correlation peaks to the theoretically expected a double exponential [Ou] g si (Δt) ∝ exp[(Δt-t 0 )/τ] with an offset delay t 0 between the signal and idler photon. The observed time constants τ are theoretically related to the FWHM bi-photon bandwidth Δν=1/(2π τ) [Ou] given by the resonator bandwidth and are in good agreement with the directly measured resonance linewidths. Since the Q-factors of the Si 3 N 4 microresonators are not yet material absorption limited [11] ,further refinement of the fabrication techniques promises even higher Q's which would yield photon bandwidths in the sub-10-MHz regime. Moreover, the broad transparency of Si 3 N 4 allows pair generation in Si 3 N 4 microresonators not only in the C-Band but in fact everywhere from the visible to the mid infrared making it a very flexible monolithic platform to interface to a range quantum optomechanical devices and quantum memories.
